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MANAGING MAINTENANCE FOR AN ITEM OF EQUIPMENT 

CROSS REFERENCE TO RELATED APPLICATIONS 
This application is a continuation-in-part of each of the following U.S. application 
Nos., all of which are incorporated herein by reference: 09/947,157, 09/946,032, 
09/946,095, 09/946,894, and 09/947,136, all filed September 4, 2001. This application is 
also a continuation-in-part of U.S. application No. 09/825,633, filed April 3, 2001 and a 
continuation-in-part of U.S. application Nos. 09/690,793, 09/947,024, and 09/946,160, all 
filed October 17, 2000 and all of which are incorporated herein by reference. 

FIELD OF THE INVENTION 

This invention relates to a method and system for managing the maintenance an 
item of equipment in accordance with a maintenance plan. 

BACKGROUND 

In the prior art, maintenance of an item of the equipment may occur only after 
discovery of a defect or deficiency found during an inspection of the equipment. The 
inspection of the equipment may be performed incidentally to other maintenance 
activities or the inspection may be part of a scheduled program of maintenance. The 
scheduled program of maintenance may be organized based upon data or 
recommendations provided by a manufacturer of the equipment. 

Prospective maintenance activities may include maintenance, repair, and overhaul 
activities. Prospective maintenance activities are planned and identified based on one or 
more prior inspections of equipment. If the inspections are delayed or too infrequent to 
uncover an actual or future deficiency, a user of the equipment may experience reduced 
availability of the equipment. For example, an actual or future deficiency may prevent 
use of the equipment or may result in a failure of the equipment during routine operation. 
Further, if the maintenance schedule provided by the manufacturer does not accurately 
reflect the true performance or reliability of the equipment, a user of the equipment may 
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experience unwanted downtime. If the equipment, when properly functioning, is capable 
of generating revenue, the downtime of the equipment may negatively impact financial 
results of a business associated with the equipment. Similarly, if the equipment is 
essential for manufacturing or other uses, the downtime of the equipment may negatively 
impact financial results of a business associated with the equipment. Accordingly, a need 
exists for a method or system for maintaining an item of equipment according to a 
maintenance plan where unwanted downtime of equipment is reduced or eliminated. 

A configuration defines the identity of the components (e.g., parts), a specification 
of the components, and the relationship among the arrangement of components of an item 
of equipment, among other things. Because some components are interchangeable with 
substitutes, the configuration of the item of equipment may vary throughout a life span of 
the equipment as maintenance activities (e.g., maintenance, repair, and overhaul) are 
performed. The configuration of the item of equipment may change because of a revision 
of product definitions or a review (e.g., a financial and performance review) of the item of 
equipment. Further, even during the manufacturing process, the manufacturer of the 
equipment may substitute different components (e.g., parts) from different suppliers to 
customize the equipment, to meet a certain technical specifications for the equipment, or 
to save manufacturing costs on the equipment. For example, the manufacturer may 
change technical specifications of equipment to rectify manufacturing anomalies or to 
facilitate more reliable production. Thus, standard as-built documentation on the 
equipment may contain erroneous information on the configuration of the equipment. 

Maintenance, overhaul and repair personnel may keep few records of the actual 
configuration of the equipment because of over-reliance on the manufacturer's 
specifications, manuals, and as-built documentation. Even if configuration records are 
available, the records may be difficult to use or access. Thus, a need exists for promoting 
the maintenance of accurate records on equipment-related work with ready access to 
maintenance, overhaul and repair personnel. 



-3 - 

SUMMARY OF THE INVENTION 

In accordance with the invention, a method and system for managing the 
maintenance of an item of equipment supports the provision of maintenance in a manner 
which eliminates or reduces downtime of the equipment. Configuration maintenance 
requirements are determined for maintaining a target configuration of an item of 
equipment. Predictive maintenance requirements are determined for the item of 
equipment based on at least one of a longevity estimate, a probability of failure, and a 
financial analysis. A data processing system plans for the availability of at least one of 
resources and a component for performing maintenance consistent with the configuration 
maintenance requirements and the predictive maintenance requirements. 

BRIEF DESCRIPTION OF THE DRAWING 

FIG. 1 is a block diagram of a system for managing maintenance in accordance 
with the invention. 

FIG. 2 is a block diagram of the system for managing maintenance that shows an 
illustrative embodiment of the data sources of FIG. 1. 

FIG. 3 is a block diagram of the system for managing maintenance that shows an 
illustrative embodiment of the management systems of FIG. 1. 

FIG. 4 is a block diagram of the system for managing maintenance that shows an 
example of the contents of the storage device of FIG. 1 . 

FIG. 5 is a block diagram of the system for managing maintenance that shows one 
embodiment of the logical and/or physical data paths between various elements of the 
system. 

FIG. 6 is flow chart of a method for managing the maintenance in accordance with 
the invention. 

FIG. 7 is flow chart of a method for managing the maintenance with respect to 
configuration maintenance in accordance with the invention. 

FIG. 8 is flow chart of a method for managing the maintenance with respect to 
predictive maintenance in accordance with the invention. 
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FIG. 9 is a block diagram of a system for managing maintenance in the 
environment of a communications system. 

FIG. 10 is a block diagram of another embodiment of a system for managing 
maintenance that communicates to workers via wireless infrastructure. 

DETAILED DESCRIPTION 

As used herein, a maintenance provider shall include any person or business entity 
that performs or supports maintenance, repair, or overhaul activity (i.e., an MRO activity) 
for at least one item of equipment. Similarly, as used herein, maintenance, a maintenance 
activity or a maintenance task shall include at least one of maintenance, repair, and 
overhaul (i.e., MRO) of an item of equipment or a component of the equipment, unless 
otherwise noted. 

A component means a component of an item of equipment, a sub-component of an 
item of equipment, an assembly of an item of equipment, a system of an item of 
equipment, or any other constituent part of an item of equipment. A component may be 
defined based on its relationship with other components in an item of equipment and 
based upon the context of its use in the equipment. A component may include, but need 
not include, one or more sub-components. An assembly may comprise a group of 
integrated or inter-related components. A material refers to a raw material, a consumable 
material, a component, a provision, or another equipment-related resource concerning the 
performance of a maintenance activity. 

In accordance with the invention, FIG. 1 shows a maintenance system 1 1 for 
managing maintenance of at least one item of equipment. The maintenance system 1 1 
comprises one or more data sources 10 (e. g., external data sources) that communicate 
with a data processing system 12. The data processing system 12 cooperates with a 
storage device 29. The data processing system 12 communicates with one or more 
management systems 28. A user interface 26 is coupled to the data processing system 12 
to allow a user to control and/or monitor the operation of the data processing system 12. 

One or more data sources 10 provide input information to a data processing 
system 12. In one embodiment, the data processing system 12 processes the input 
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information to determine output information for supporting maintenance and commercial 
activities incidental thereto. The data processing system 12 communicates the output 
information to one or more management systems 28. Each management system 28 
facilitates implementation of maintenance consistent with the output information or other 
commercial activities in furtherance of maintenance. 

In general, the data sources 10 may include one or more of the following: a 
supplier data source, an operational data sources, a human resources system, a project/ 
personnel management system, a purchasing system/ inventory control system, a financial 
system, a maintenance management system, a maintenance execution system, a 
maintenance input/output device, an engineering input/output device, a supervisory 
input/output device, and any additional input/output device that permits the input of data 
into the data processing system 12. 

The data processing system 12 comprises one or more of the following data 
processing components: a resource planner 14, a universal nomenclature manager 16, a 
general maintenance controller 18, a predictive maintenance controller 20, a configuration 
monitor 22, and a communications interface 24. A data processing component may 
include hardware, software instructions, or both. The resource planner 14 refers to a data 
processing component for planning the availability of the at least one of the following 
items for a time interval at a geographic location to facilitate maintenance, repair or 
overhaul activity: (1) one or more workers, (2) a facility, (3) infrastructure, (4) test 
equipment, (5) a tool, (6) one or more components, and (7) a resource. The universal 
nomenclature manager 16 refers to a data management system that manages the 
translation and/or standardization of data that is used by the data processing system 12 to 
support maintenance of an item of equipment. The general maintenance controller 1 8 
manages a general maintenance requirement that is not fully addressed by a predictive 
maintenance requirement and a configuration maintenance requirement. The predictive 
maintenance controller 20 determines a predictive maintenance requirement, if any, for 
maintaining an item of equipment. The configuration monitor 22 determines a 
configuration maintenance requirement, if any, for maintaining an item of equipment. A 
communications interface 24 supports communications between the data processing 
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system 12 and one or more of the following: a data source 10, a group of data sources 10, 
a storage device 29, a group of storage devices 29, a management system 28, and a group 
of management systems 28. 

One or more storage devices 29 support storage and retrieval of data for the 
operation of the data processing system 12. The data processing system 12 may input or 
output the following types of data: configuration definition data, planned maintenance 
data, maintenance resources data, general maintenance data, and historical maintenance 
data. In one embodiment, the storage device 29 may allocate storage dynamically or on a 
dedicated basis by the type of data to be stored. For example, the storage device 29 may 
allocate the data among one or more of the following storage allocations: a configuration 
data storage allocation 30, a planned maintenance data storage allocation 32, a resource 
data allocation 34, a general maintenance data storage allocation 36, and a historical 
maintenance data storage allocation 38. 

In an alternate embodiment, the configuration data storage allocation 30 comprises 
a configuration database; the planned maintenance data storage allocation 32 comprises a 
planned maintenance database; the resource data storage allocation 34 comprises a 
maintenance resource database; the general maintenance data storage allocation 36 
comprises a general maintenance database; and the historical maintenance data storage 
allocation 38 comprises a historical maintenance database. 

The data processing system 12 facilitates integration of maintenance activities 
including one or more of the following: configuration maintenance, predictive 
maintenance, general maintenance, unplanned maintenance resource planning, and data 
management. Configuration maintenance refers to keeping a configuration up to date 
with engineering changes, technical enhancements, or modifications that are rolled out 
because of safety, regulatory, performance, or other concerns. Predictive maintenance 
refers to predicting the potential failure or potential break-down or of a component of an 
item of equipment and performing maintenance on the item of equipment based on the 
prediction to reduce or eliminate the down-time and maximize the availability of 
equipment for use (e.g., commercial use). General maintenance refers to maintenance 
that is neither predictive maintenance nor configuration maintenance. General 
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maintenance includes at least unplanned maintenance. Unplanned maintenance refers to 
performing unscheduled maintenance that may be incident to planned maintenance 
activities or inspections. Unplanned maintenance also refers to performing maintenance 
to recover from a break-down or an unexpected equipment failure or problem. Resource 
planning refers to allocating resources (e.g., human resources and components) for a 
defined time frame and defined geographic location to handle current or prospective 
maintenance activities. Data management refers to data storage and retrieval, data 
processing, and communications for support of maintenance activities and other related 
commercial activities. 

FIG. 2 shows an illustrative example of the data sources 10 and of the data 
processing system 12 that may be used to practice the maintenance system 1 1 of FIG. 1 . 
Like reference numbers in FIG. 1 and FIG. 2 indicate like elements. 

As illustrated in the example of FIG. 2, the data sources 10 include a supplier data 
source 44, an operational data source 46 (e.g., an engineering source or a maintenance 
source), a human resources system 48, a financial system 50, any additional input/output 
52, and a monitor 40. The monitor 40 may manually or automatically monitor the 
operational performance or longevity (e.g., time and/or operational cycle compliance) of a 
part, an assembly, or the equipment. For example, the monitor 40 may provide a report of 
assembly longevity data or part longevity data for storage in the planned maintenance 
data storage allocation 32. In one embodiment, the monitor 40 includes an equipment 
electrical assembly that monitors the performance, conducts a test, or indicates the status 
of an item of equipment, a component thereof, or an assembly thereof. In one 
configuration, the electrical assembly includes a sensor 42 that may obtain data or stored 
data from the item of equipment and may be integrated into the item of equipment along 
with the equipment electrical assembly 40. 

In one embodiment, the additional input/output 52 may include, but is not limited 
to, a maintenance input/output device an engineering input/output device, a supervisory 
input/output device or another data input/output device. 

As shown in FIG. 2, the predictive maintenance controller 20 comprises a 
predictive maintenance module 61, a timer 58, and a scheduler 60. The predictive 
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maintenance module 61 and the timer 58 input data to the scheduler 60. The timer 58 
provides present time or an elapsed duration measured with reference to the installation 
date of a component in a particular item of equipment. 

The predictive maintenance module 61 comprises at least one of a longevity 
estimator 62, a probability of failure predictor 64, and a financial analyzer 66. The 
predictive maintenance module 61 provides a predictive maintenance requirement based 
on at least one of a longevity estimate, a probability of failure, and a financial analysis. 
The longevity 62 estimator provides a longevity estimate for an item of equipment or a 
component thereof based upon input data (e.g., supplier data). The probability of failure 
predictor 64 provides a prediction or estimate of the probability of failure a component or 
an item of equipment based upon input data. The financial analyzer provides an 
economic analysis of a potential maintenance activity to determine an appropriate 
maintenance plan based on input data. The predictive maintenance module 6 1 may obtain 
the input data from a number of sources including, but not limited to, one or more data 
sources 10, from the user interface 26 or from both data sources 10 and the user interface 
26. 

In one embodiment, the longevity estimator 62 provides longevity reference data 
(e.g., a longevity estimate) on a component or an item of equipment to the scheduler 60. 
Similarly, the probability of failure predictor 64 may provide probability of failure data 
(e.g., an estimated date of failure or breakdown) on a component or an item of equipment 
to the scheduler 60. 

The financial analyzer 66 accesses a maintenance plan of the data processing 
system 12. For example, the financial analyzer accesses the planned maintenance data in 
the storage device 29 and may provide a cost estimate for a potential maintenance 
requirement based at least on one or more of the following: internal cost data on labor, 
consumable materials, components, assemblies, indirect costs and direct costs. Direct 
costs are costs or expenses that are directly associated with maintenance or repair, 
including parts and labor for a component. Indirect costs are costs or expenses that 
represent fixed capital costs, sunk capital costs, or other costs that are required to support 
the business entity performing the maintenance and repair. For example, indirect costs 
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include costs for lease of a repair facility, purchasing of a repair facility, or capital 
improvement expenses for repair facilities. In an alternate embodiment, the supplier of 
labor, a supplier of consumable material and a supplier of components may provide 
external cost data on the planned maintenance activity. Accordingly, the financial 
analyzer 66 may allow the owner or operator of the equipment to veto the planned 
maintenance activity that is too expensive to be practical given the internal cost data, the 
external cost data, or both. 

In one embodiment, the scheduler 60 outputs scheduling data or a maintenance 
plan to the resources planner 14. In turn, the resource planner 14 may output the 
maintenance plan, with or without modification, from the resource planner 14 via 
communication interface 24 for transmission to the management system 28. The resource 
planner 14 determines whether or not the proposed maintenance plan proposed by the 
schedule 60 will be adopted or modified to provide a coordinated or integrated 
maintenance plan. The communication interface 24 may support transmission of the 
maintenance plan or maintenance data consistent with the maintenance plan via the 
communications network (e.g., the Internet) to the management system 28. 

The resource planner 14 coordinates the bringing together of required component 
data, worker data, tools, instructions, and other information for planned maintenance at a 
common geographic location where the item of equipment is or will be situated. In the 
illustrative embodiment of the data processing system 12 of FIG. 2, the resource planner 
14 comprises an allocation intermediary 54, a resource availability module 55, and a 
coordinator 56. The coordinator 56 determines the priority of and integration of 
maintenance activities based on a predictive maintenance requirement, a configuration 
maintenance requirement, and a general maintenance requirement for an item of 
equipment. In one embodiment, the coordinator 56 comprises a reconciliation module for 
controlling, reconciling, and coordinating predictive maintenance requirements, 
configuration maintenance requirements, and general maintenance requirements. If the 
item of equipment is mobile, an additional data storage allocation (e.g., database) storing 
the location schedule of the mobile mechanical equipment is preferred to carry out the 
aforementioned coordination. 
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A resource availability module 55 contains temporal data on when corresponding 
resources are available for performing a prospective predictive maintenance activity. In 
one embodiment, the resource availability module 55 contains temporal data and related 
geographic data on performing prospective predictive maintenance activity. A resource 
availability module 55 manages one or more of the following types of data: worker data, 
facility data, tool data and component data. The resource availability module 55 provides 
prospective availability dates, prospective time intervals, or both for one or more of the 
following: a worker, a facility, a tool, a maintenance task (e.g., a MRO task), a 
component, a material, and an item of equipment. In one embodiment, the resource 
availability module 55 tracks worker data that includes worker identifiers, corresponding 
qualifications of the workers, and respective geographic locations of the workers. The 
allocation intermediary 54 supports the interaction of the resource planner with the 
scheduler of the predictive maintenance controller. 

Because the provision of labor and components are coordinated, workers can work 
to predetermined schedules, planners can facilitate procurement of components (e.g., 
replacement parts) by referencing reliable forecasts of required components, additional 
mechanical equipment, or supplies. The data processing system 12 may foster improved 
availability of a component for maintenance; improved availability of functional 
equipment, and timely fulfillment of hiring needs of the maintainer or user of the 
equipment. The terms of contracts with suppliers may be more firm or certain based on 
the improved availability and accuracy of forecasts and other information associated with 
the planned maintenance data outputted by the data processing system 12. Accordingly, 
the predictive maintenance system of the invention is well-suited for fostering 
improvements in logistics in the procurement of components (e.g., parts or spare parts) 
and the assignment of maintenance workers at a planned maintenance time. 

The universal nomenclature manager 16 manages data to identify components and 
materials regardless of a manufacturer, supplier, brand, or other source of identity. The 
universal nomenclature manager 16 facilitates the use of multiple suppliers or 
manufacturers for a single component to foster availability of components in the event of 
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problems specific to a single manufacturer or region. Further, the universal nomenclature 
manager 16 facilitates the identification and management of interchangeable components. 

In general, one or more management systems 28 may comprise any of the 
following: a purchasing system, an inventory control system, a personnel management 
system, an enterprise resource planning system of a supplier, an enterprise resource 
planning system of the operator of an item of equipment, a maintenance management 
system, a materials management system, and a maintenance execution system. As shown 
in FIG. 3, the communications interface 24 facilitates communication with one or more of 
the following management systems 28: a project/personnel management system 68, a 
purchasing system/ inventory control system 70, a maintenance management system 72, 
and a maintenance execution system 74. 

Referring again to FIG. 2, the communications interface 24 and the allocation 
intermediary 54 of the resource planner 14 may support electronic commerce or business- 
to-business transactions among the operator of the equipment and various trading partners 
(e.g., supplier of components or repair services.) For example, the communications 
interface 24, the allocation intermediary 54 or both, may support a data format that is 
suitable for transmission of the maintenance plan to one or more management systems 28 
over a communications network 102 (e.g., the Internet, as shown in FIGS. 9 and 10) via 
the communications interface 24. The communications interface 24 may comprise buffer 
memory coupled to a transceiver. The communications interface 24 may support a 
parallel port, a database interconnection, a serial port, or another computer port 
configuration. 

The scheduler 60 or the resource planner 14, or both, determine a maintenance 
plan or schedule based on resource availability data provided as worker data, facility data, 
tool data and component data. The maintenance plan is a framework or scheme for 
performing maintenance (e.g., predictive maintenance) on the equipment. The 
communication interface 24 provides an interface for allowing the scheduler 60, the 
resource planner 14, or both to communicate the resultant maintenance plan (or data 
derived therefrom) over a communication network to a management system 28. 
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In one example, management system 28 may comprise a supplier data processing 
system, an enterprise resource planning system, or supplier fulfillment center, for 
example. The supplier data processing system may support the maintenance entity's 
ordering of components, materials (e.g., consumable materials), tools (e.g., test equipment 
or diagnostic equipment) and other resources necessary to complete predictive 
maintenance of the equipment. 

FIG. 4 illustrates an illustrative set of data storage allocations of a storage device 
29. The data storage allocations comprise one or more of the following: a configuration 
data storage allocation 30, a planned maintenance data storage allocation 32, resource 
data storage allocation 34, a general maintenance data storage allocation 36, and a 
historical maintenance data storage allocation 38. In FIG. 4, the storage device 29 refers 
to any computer storage mechanism that supports a magnetic storage medium, an optical 
storage medium, an electronic storage medium, or any other suitable storage medium. 

The configuration data storage allocation 30 stores configuration data which may 
include any of the following: component data 76, equipment data 78, installation data 80, 
and desired configuration data 82. In one embodiment, the configuration data storage 
allocation 30 comprises an actual configuration database, a desired configuration 
database, an upgrade requirements database, and a supervisory/ historical database. The 
data processing system 12 supports data storage, retrieval, and queries of the databases 
stored in the storage device 29. 

The planned maintenance data storage allocation 32 stores data related to planned 
maintenance or predictive maintenance, for example. The resource data storage 
allocation 34 stores resource data which may include any of the following: worker data 
84, resource requirements data 86, and resource availability profiles data 88. 

The general maintenance data storage allocation 36 stores general maintenance 
data which may include planned work probable findings data 90, standard repair data 92, 
standard repair parts list data 94, maintenance repair and overhaul (MRO) geography 
definition data 96, and planned work geography locator data 98. 
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The historical maintenance data allocation 38 stores historical data which may 
include any of the following: historical configuration data 93, historical resource data 95, 
and historical planned maintenance data 97. 

With respect to the configuration data storage allocation 30, component data 76 
refers to availability dates and time intervals of a component, a sub-component, an 
assembly, or a system for installation or maintenance activities. The component data 76 
may define availability dates or time intervals of the equipment based upon one or more 
of the following types of information: a supplier lead times, an anticipated shipment date, 
an anticipated delivery date or receipt of equipment, an outstanding order, an inventory of 
a component, sub-component, assembly or system, an expected receipt of a component, 
sub-component, assembly, system, or like information. 

The material data refers to data on the availability of a raw material, a consumable, 
a component, a provision, or another equipment-related resource concerning the 
performance of a maintenance activity. For example, the material data comprises: (1) a 
material identifier that uniquely identifies a particular material associated with a 
maintenance activity, (2) a geographic location indicator that indicates the location of the 
material identifier, and (3) a date or time interval to which the geographic location 
indicator corresponds. 

The equipment data 78 defines the availability of a particular item of equipment. 
For example, the equipment data comprises: (1) an equipment identifier that uniquely 
identifies a particular item of equipment, (2) a geographic location indicator that indicates 
the location of the equipment, and (3) a date or time interval to which the geographic 
location indicator corresponds. The installation date 80 may be associated with 
corresponding components to determine a length of service of the corresponding 
component for determination of a predictive maintenance requirement. 

The desired configuration data 82 may pertain to on one or more items of 
equipment. The desired configuration data 82 may define a target configuration of an 
item of equipment or a component for determination of a configuration maintenance 
requirement. The desired configuration data contains an equipment identifier (e.g., tail 
number of an airplane) that identifies the entire item of equipment, a part identifier that 
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identifies a part of the item of equipment, an assembly identifier that identifies an 
assembly of parts of the equipment, a specification description that describes the 
specification of a part, and a relationship description that describes the relationship of a 
part to the equipment or a subassembly thereof. For example, the relationship description 
may include the mounting position of a part on the equipment. In one embodiment, the 
desired configuration data may include operating restrictions on the equipment because of 
the presence of a particular part or a particular arrangement of parts of the equipment. 

In one embodiment, the configuration data in the configuration data storage 
allocation 30 comprises actual configuration that pertains to one or more items of 
equipment. The actual configuration data contains actual configuration data on the item 
of equipment that reflects an actual or present status of the equipment. The actual 
configuration data includes an equipment identifier (e.g., tail number of an airplane) that 
identifies the entire equipment, a part identifier that identifies a part of the mechanical 
equipment, an assembly identifier that identifies an assembly or group of parts of the 
equipment, a specification description that describes the specification of the part, and a 
relationship description that describes the relationship of a part to the equipment or a 
subassembly thereof. For example, the relationship description may include the mounting 
position of a part on the equipment. In one embodiment, the actual configuration data 
may include operating restrictions on the equipment because of the presence of a 
particular part or arrangement of particular parts on the equipment. 

The actual configuration data, the desired configuration data, and the upgrade 
requirements data applicable to an item of equipment may vary with time. Accordingly, 
configuration data on a particular item of equipment may only remain valid for a limited 
duration. Upon or before expiration of the duration, the configuration is preferably 
updated. If the contents of the data storage allocations (e.g., databases) are updated with 
sufficient frequency to avoid outdated configuration data, the update procedure may be 
referred to as a real-time procedure. The real-time procedure seeks to minimize 
inaccuracy of the configuration data by reflecting changes to the actual configuration of 
the item of equipment as the changes occur with a minimal lag time thereafter. Changes 
to the actual item of equipment may be necessary or proper to facilitate improvement of 
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the actual configuration. Thus, the data processing system 12 and the storage device 29 
can support the coordination of maintenance activities (e.g., maintenance, overhaul or 
repair) in real time on an ongoing basis with the latest actual configuration data and the 
latest upgrade requirements. 

To support real-time determination of a maintenance plan or data derived 
therefrom, maintenance worker, such as a technician or a mechanic who is responsible for 
maintaining or repairing the item of equipment, enters actual configuration data into the 
configuration data storage allocation during or after an inspection or servicing of the item 
of equipment. The inspection may involve a visual inspection, a physical inspection, a 
mechanical test, an electrical test, disassembly of portions of the item of equipment, or 
other activities that might uncover defects or nonconformities with respect to the desired 
configuration. The data processing system 12 updates the actual configuration data in the 
configuration data storage allocation as soon as possible after the inspection or the 
servicing of the mechanical equipment to maintain the accuracy of the actual 
configuration data. 

With respect to the planned maintenance data storage, the data processor 12 
compares the actual configuration to the desired configuration. The difference between 
the actual configuration and the desired configuration may be referred to as the upgrade 
requirement. The upgrade requirement, a maintenance plan, or data derived therefrom, 
may be stored in the planned maintenance data storage 32. The difference may comprise 
one or more of the following: components, materials, and resources. The upgrade 
requirement defines the departure of the actual configuration from the desired 
configuration and indicates the necessary actions to bring the equipment into conformity 
with the desired configuration. The data processor 12 determines the upgrade 
requirement. The data processor 12 may express the upgrade requirement in terms of (1) 
a component requirement (e.g., part, assembly or subassembly requirement) and (2) a 
human resource requirement that is required to bring the actual configuration in 
conformity with the desired configuration. The upgrade requirements may contain part 
identifiers of old parts that require updating of a particular mechanical equipment to gain 
compliance with the desired configuration. The component requirement is not limited to 
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electrical or mechanical hardware. For example, the component requirement may include 
modifications of software features and software instructions that are associated with or 
integral to the functioning of the mechanical equipment. The human resource 
requirement may include the scheduling of one or more maintenance workers (e.g., 
technicians and mechanics) to install, repair, adjust, reconfigure, replace or otherwise 
perform a service associated with the component requirement for the mechanical 
equipment. 

With respect to the resource data storage allocation 34, worker data 84 may 
comprise worker qualifications data, worker geographic location associated with 
corresponding workers, certifications of workers, experience of workers, worker 
schedules, and worker availability. The resource requirements data 86 and resource 
availability profiles data 88 may comprise facility data and tool data, for example. 
Facility data provides the availability of space for repairing, maintaining, or overhauling 
equipment. Further, facility data refers to infrastructure at respective facilities for 
performing certain types of maintenance, repair and overhaul activities on the equipment. 
Tool data refers to availability dates and time intervals of certain tools to complete 
corresponding maintenance, repair or overhaul of the equipment. A tool may refer to any 
device that assists a worker in performing or conducting a maintenance activity on 
equipment. For example, a tool may comprise a hand tool, a power tool, test equipment, 
diagnostic equipment, a test fixture, or the like. The general maintenance data storage 
allocation 36 contains general maintenance data that may be integrated with predictive 
maintenance requirements, configuration maintenance requirements, or both to form a 
comprehensive maintenance plan. 

The historical configuration data storage allocation 38 retains the historical records 
of prior configuration alterations. The historical configuration data storage tracks historic 
configurations of the item of equipment and any associated failure or defect with historic 
configurations. A description of the failure or defect, a date of detection of the failure of 
defect, determined causal factors from failure analysis activities, and resolution or repair 
of the failure or defect are preferably noted in historical maintenance data storage 
allocation 38. The foregoing failure or defect data may supplement or be used to update 
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mean-time-before failure (MTBF) data provided by the manufacturer on parts or 
assemblies of the equipment. In turn, the updated MTBF may be used to change the 
desired configuration with input from engineering over the engineering input/output 
device 12. 

FIG. 5 is a block diagram of a maintenance system that shows an illustrative group 
of the logical and/or physical data paths 13 between different elements of the data 
processing system 12 and the storage device 29. Although FIG. 5 illustrates certain 
logical and/or physical data paths 13, the elements of the maintenance system may 
interact or communicate with one another in any manner otherwise supported by this 
disclosure. 

In the exemplary embodiment of FIG. 5, the universal nomenclature manager 16, 
the general maintenance controller 18, the predictive maintenance controller 20, the 
configuration monitor 22, and the communications interface 24 communicate with the 
resource planner 14. 

The resource planner 14 may communicate with the resource data storage 
allocation 34 and the historical maintenance data storage allocation 38. The universal 
nomenclature manager 16 may communicate with the configuration data storage 
allocation 30. The general maintenance controller 18 may communicate with the general 
maintenance data storage allocation 36 and the historical maintenance data storage 
allocation. The predictive maintenance controller 20 may communicate with the planned 
maintenance data storage allocation 38. The configuration monitor 22 may communicate 
with the configuration data storage allocation 30 and historical maintenance data storage 
allocation 38. 

Predictive Maintenance 

Any of the embodiments of the maintenance system shown in FIG. 1 through FIG. 
5 may perform predictive maintenance in the following manner. As sown in FIG. 2, the 
communications interface 24 may collect performance data from one or more of the 
following: a supplier data source 44, an operational data source 46 and a human resources 
data source 48. In one embodiment, the communications interface 24 may collect 
performance data from an item of equipment where the item of equipment has a sensor 42 
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or a monitor 40 for feeding performance data to the communications interface 24. The 
communications interface 24 may analyze, format, or process the performance data into a 
format which is suitable for interpretation by the predictive maintenance module 61. 

The predictive maintenance module 61 predicts a maintenance activity and an 
associated time interval for the maintenance activity based upon the performance data 
with respect to a defined performance standard. The combination of an identified 
maintenance activity and a corresponding time frame, or date for performance of the 
maintenance activity, represents one example of a maintenance plan. 

A user may enter the performance standard data into the performance standard 
storage via a user interface 26 associated with the data processing system 12. The user 
interface 26 may accept entry into via a graphical user interface, a keyboard, a pointing 
device, a magnetic medium, an optical medium, or otherwise. The predictive 
maintenance module 61 manages the storage and retrieval of at least one performance 
standard in the planned maintenance data storage 32 or the configuration data storage 30. 

As seen in FIGS. 2, 4 and 5, the predictive maintenance module 61 may access 
component data 76 in the configuration data storage 30 or elsewhere. The component 
data 76 may comprise a component identifier and other affiliated information, such as 
whether particular component identifier complies with the performance standard. 
Further, the configuration data storage 30 may contain any of the following information: a 
preferable future date for performing predictive maintenance; a time-frame for 
performing predictive maintenance; a preliminary schedule for scheduling predictive 
maintenance; an assembly identifier for the identifying an assembly associated with a 
component, and item identifier for identifying an item of equipment associated with the 
component, and any other applicable data on a component or an end item of equipment. 
Information on tentative time frames for performing predictive maintenance may be 
refined by the scheduler 60, the resource planner 14, or both. Information on 
relationships between revisable components and related sub-components, a related 
assembly, or a related system may be used to define the requisite scope of the revision of 
the maintenance plan. 
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The predictive maintenance controller 20 may manage the storage of reference 
performance data on a component of an assembly, a system, an assembly, or the 
equipment consistent with at least one performance standard. The predictive maintenance 
controller 20 accepts the collected or observed performance data on the component, an 
assembly, or equipment and performs a comparison against a reference performance data 
standard based upon a component, an assembly, or the equipment. If the collected or 
observed performance data deviates by a material amount or significant amount from a 
reference performance data of the performance standard, then any affected component, 
assembly, system or sub-component is identified as suspect. A suspect item requires 
attention or predictive maintenance to be scheduled. For example, if the collected 
performance data is noncompliant with the reference performance data of the 
performance standard, based upon the equipment as a whole, the affected components or 
assembly of the equipment may be flagged as suspect components. In one embodiment, a 
user may clear a suspect status by entering an acknowledgement via the user interface 26. 

Where the reference performance data refers to the equipment, as a whole, the 
performance standard relates to the equipment as whole. The identification of 
components to be replaced or maintained in that equipment may be based upon historical 
relationships between the particular deficiencies in the collected performance data and 
likely or probable suspected components. 

The predictive maintenance controller 20 determines a preliminary maintenance 
schedule for performing predictive maintenance. The preliminary maintenance schedule 
comprises a preliminary proposed date or a preliminary proposed time interval for 
performing a maintenance activity (e.g., maintenance, repair or overhaul, which may be 
referred to as MRO) on a suspect sub-component, suspect component, suspect assembly, 
suspect system, or suspect item of equipment. 

In one embodiment, referring to FIG. 2, the scheduler 60 accepts input from both 
the predictive maintenance module 61 and the resource availability module 55. The 
scheduler 60 may accept the input of suspect component data and a preliminary 
maintenance schedule derived from the comparison of the predictive maintenance module 
61 of collected performance data to reference performance data. The scheduler 60 
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accepts the input of the preliminary proposed date or preliminary proposed time interval 
for predictive maintenance and determines a resultant date or a resultant time interval for 
performing predictive maintenance based upon a consideration of the resource availability 
data as related to the suspect data. The scheduler 60 preferably reconciles the preliminary 
maintenance schedule with temporal resource availability of one or more of the 
following: workers, facility, tools, components, materials (e.g., a consumable material or 
a raw material), and equipment. 

The scheduler 60 may revise the preliminary maintenance schedule (e.g., the 
preliminary proposed maintenance date or time interval) to a resultant maintenance 
schedule (e.g., a resultant maintenance date or time interval) if at least one of the 
resources is not available consistent with the preliminary maintenance schedule. 
However, the scheduler 60 may consider substitution of alternate components prior to 
revision of the preliminary maintenance schedule. Accordingly, the resultant 
maintenance schedule may be the same as the preliminary maintenance schedule, if all of 
the resources are available per the preliminary maintenance plan or if an alternate 
component can be substituted to preserve a preliminary maintenance schedule. The 
resultant maintenance schedule assures availability of all necessary resources to perform a 
maintenance activity on the resultant date or at the resultant time interval. 

The resource planner 14 coordinates the maintenance schedule of the predictive 
maintenance requirement with one or more of the following: any general maintenance 
requirement and any configuration maintenance requirement for the same item of 
equipment or a similar item of equipment. For example a similar items of equipment may 
share the same component that requires replacement or may require servicing at a 
particular facility. The maintenance plan or data derived therefrom may be 
communicated to a management system 28 in accordance with several alternate 
techniques. Under a first technique, subject to the approval of the resource planner 14, 
the scheduler 60 may communicate the maintenance plan via the communications 
interface or via the resource planner and the communications interface 24. Under a 
second technique, the resource planner communicates a maintenance plan or data derived 
therefrom to a management system 28 via a user interface 26. 
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To schedule predictive maintenance, the predictive maintenance controller 20 may 
contact the resource planner 14 to determine whether components, materials, workers, 
and other resources required for the upgrade are, will be, or can be available at a 
scheduled maintenance time and scheduled maintenance location. The predictive 
maintenance controller 20, the resource planner 14, or both maintain the availability and 
reliability of the equipment, to meet a financial objective, to comply with safety 
requirements, or for other reasons. The resource planner 14 plans for the availability of 
one or more workers, facilities, infrastructure, components, or other resources for a time 
interval at a common geographic location to facilitate maintenance, repair or overhaul 
activity. 

Configuration Maintenance 

In any of the embodiments of the maintenance system shown in FIG. 1 through 
FIG. 5, configuration maintenance may be performed in the following manner. 

At regular or scheduled intervals, the configuration monitor 22 monitors the 
existing configuration of an item of equipment to determine whether the item of 
equipment deviates from a target configuration. The target configuration may be stored 
in the configuration data storage allocation 30, for example. If the existing configuration 
differs from the target configuration, the configuration monitor 22 determines that 
configuration maintenance is needed for the subject item of equipment. Accordingly, 
once the configuration monitor 22 determines that configuration maintenance is needed 
for a particular item, the configuration monitor 22 determines the configuration 
maintenance requirement. The configuration maintenance requirement may be forwarded 
to the resource planner 14 for coordination of maintenance activities. The coordination 
may include integration of the configuration maintenance requirement or another 
maintenance requirement. 

To schedule configuration maintenance, the configuration monitor 22 may contact 
the resource planner 14 to determine whether components, materials, workers, and other 
resources required for the upgrade to the target configuration are, will be, or can be 
available at a scheduled maintenance time and scheduled maintenance location. The 
existing configuration is updated to the target configuration to maintain the availability 
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and reliability of the equipment, to meet a financial objective, to comply with safety 
requirements, or for other reasons. 
General Maintenance 

Any of the embodiments of the maintenance system shown in FIG. 1 through FIG. 
5 may provide general maintenance for an item of equipment in the following manner. 

The general maintenance controller 18 supports maintenance (i.e., one or more 
general maintenance requirements) that does not fall under predictive maintenance and 
configuration management. For example, the general maintenance supports maintenance 
requirements for one or more of the following reasons: (1) unexpected failure or 
impairment of an item of equipment or a component thereof, (2) a defect discovered 
incidental to an inspection of an item of equipment or a component thereof, (3) a defect 
discovered incidental to a test of an item of equipment or a component thereof, (4) 
damage to a component or impairment of the item of equipment for any reason, including 
accidental damage, and (5) any unplanned maintenance requirement. 

The general maintenance controller 1 8 supports catch-all maintenance activities as 
a fallback mechanism where the predictive maintenance requirements and the 
configuration maintenance requirements may not have initially allocated the necessary 
resources necessary to perform the desired maintenance (e.g., make a repair). 
Nevertheless, the general maintenance controller 18 coordinates with the resource planner 
14 in a manner that may dynamically reallocate planned resources from secondary items 
of equipment to meet an unexpected maintenance contingency for a primary item of 
equipment. Further, the general maintenance controller may reserve a pool of resources 
for unexpected maintenance activities based upon historical patterns of maintenance 
activity for particular items of equipment or otherwise. The historical patterns of 
maintenance activity may be stored as historical maintenance data 97 in the historical 
maintenance data storage 38, as shown in FIG. 4. 
Integrated Maintenance 

The resource planner 14 receives one or more of the following: configuration 
maintenance requirements from the configuration monitor 22, predictive maintenance 
requirements from the predictive maintenance controller 20, general maintenance 
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controller 1 8, procurement data on component availability, human resources data on 
human resources availability, operational data on maintenance resource availability, input 
data, and any other data associated with maintenance. 

The resource planner 14 coordinates and harmonizes one or more of the following: 
configuration maintenance requirements, predictive maintenance requirements, and 
general maintenance requirements. In one example, predictive maintenance and 
configuration maintenance activities may be combined into a single maintenance session, 
rather than bringing in an item of equipment in for repeated maintenance. For instance, 
the predictive maintenance controller determines what predictive maintenance is 
scheduled for the particular item and whether the existing configuration can be updated to 
the target configuration during the scheduled maintenance, or at some other time. 

Independent from the coordination of predictive maintenance and configuration 
management, the resource planner 14 may integrate or accumulate the requirements for 
components for one or more items of equipment to place aggregate orders for required 
components with one or more suppliers via management systems 28. Accordingly, the 
resource planner 14 may support centralizing of the acquisition of components and 
materials to drive the acquisition of larger volumes of components and lower costs than 
would otherwise be possible. 

FIG. 6 shows a method for managing the maintenance of an item of equipment in 
accordance with the invention. The method of FIG. 6 begins with step S50. 

In step S50, the data processing system 12 or the configuration monitor 22 
determines a configuration maintenance requirement for maintaining a target 
configuration of an item of equipment. In one embodiment, the configuration 
maintenance requirement may be determined in accordance with the following procedure. 
First, the data processing system 12 supports establishing the target configuration of the 
item of equipment based on a design objective of the item of equipment. The design 
objective may be based on at least one of a safety concern, a regulatory concern, 
reliability, and performance. Second, the configuration monitor 22 evaluates an actual 
configuration of the item of equipment. Third, the data processing system 12 determines 
if the actual configuration complies with the target configuration. Fourth, if the actual 
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configuration is noncompliant, the configuration monitor 22 or the data processing system 
12 establishes the configuration maintenance requirement to maintain the target 
configuration is defined. 

In step S50, the target configuration may be updated based on engineering change, 
to facilitate compliance with a regulatory requirement, or for another reason. For 
example, an engineering change may be entered via a data source 10 or via the user 
interface 26. 

In step S52, the data processing system 12 or the predictive maintenance controller 
20 determines a predictive maintenance requirement. The predictive maintenance 
requirement for the item may be determined based on one or more of the following: a 
longevity estimate, a probability of failure, and a financial analysis. The longevity 
estimate and the probability of failure may apply to a component of an item of equipment 
or a particular item of equipment. The financial analysis may apply to one or more of the 
following: maintenance activity, a component, and an item of equipment. 

Step S52 may be carried out in accordance with various alternate procedures. 
Under a first procedure, the determination of a predictive maintenance requirement 
comprises estimating longevity of a component based on a historical longevity of at least 
one of the component and an analogous component. The determining of a predictive 
maintenance requirement may be based upon estimating a remaining life span of a 
component by determining a usage time span between an installation date of the 
component and a subsequent date, and deducting the usage time span from the longevity 
for the corresponding component. Under a second procedure, the determination of the 
maintenance requirement comprises estimating a probability of failure of a component 
based on a historical probability of failure of at least one of the component and an 
analogous component. Under a third procedure, the determination of the maintenance 
requirement comprises estimating a financial impact of a component based on a historical 
impact of at least one of the component and an analogous component. Under a fourth 
procedure, the data processing system 12 or the predictive maintenance controller 20 
evaluates tracked performance data on at least one of a particular component and the item 
of equipment with respect to a defined performance standard. Based on the evaluation, 
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the data processing system 12 or the predictive maintenance controller 26 predicts at least 
one required maintenance activity. 

In step S54, the data processing system 12 or the resource planner 14 plans for the 
availability of at least one of resources and a component for performing maintenance 
consistent with the configuration maintenance requirement and the predictive 
maintenance requirement. 

In general, step S54 may comprise scheduling and bringing together at least two of 
the following resources at a specific time and place: a requisite component, technical 
instructions, supporting equipment, acceptance criteria and procedures, tools, and repair 
personnel. For example, step S54 includes obtaining the component for the target 
configuration and scheduling human resources consistent with availability of the 
component. Further, the data processing system may establish a universal representation 
of components to facilitate at least one of the acquisition of components from multiple 
sources, interchangeability of components, and tracking of component utilization. The 
scheduler 60, the resource planner 14 or both may participate in scheduling and bringing 
together of resources in a coordinated manner consistent with a maintenance plan. 

In step S54, the planning of the resource planner 14, the scheduler 60 or both, may 
be accomplished in accordance with various alternative techniques or a combination of 
various alternate techniques. Under a first technique, the planning involves scheduling 
performance of the required maintenance activity at a defined respective time based upon 
a prediction of the predictive maintenance requirement. For example, the predictive 
maintenance controller 20 may determine a predictive maintenance requirement. The 
resource planner 14 may coordinate the predictive maintenance requirement with other 
maintenance activity for the item of equipment. Under a second technique, the planning 
involves scheduling performance of the required maintenance activity based on the 
configuration maintenance requirement. For example, the configuration monitor 22 may 
determine an upgrade requirement for upgrading the actual configuration to the target 
configuration if the actual configuration is noncompliant. The resource planner 14 may 
coordinate the upgrade requirement with other maintenance activity for the item of 
equipment. Under a third technique, the planning involves planning for the acquisition of 
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at least one of the resources and the component consistent with the configuration 
maintenance requirement of step S50 and the predictive maintenance requirement of step 
S52. Under a fourth technique, the planning involves planning for the delivery of at least 
one of the resources and the component for a time interval at a common geographic 
location. 

The planning of maintenance, repair and overhaul activities of step S54 of FIG. 6 
may be executed in accordance with several alternative techniques that are not mutually 
exclusive. In accordance with a first technique, the planning of step S54 includes 
procuring a required part for the desired configuration and scheduling human resources 
consistent with availability of the required part. In accordance with a second technique, 
step S54 includes procuring the required assembly for the configuration and scheduling 
human resources consistent with the availability of the required assembly. In accordance 
with a third technique, step S54 includes providing part level data on the mechanical 
equipment to a user via an input/output device (e.g., maintenance input/output device 10) 
for a given point in time within a usable life of the mechanical equipment. In accordance 
with a fourth technique, step S54 includes providing a serial number of a component of 
the mechanical equipment at any given point in time for a given point in time within its 
usable life to manage the at least one of the safety, reliability, and performance. In 
accordance with a fifth technique, step S54 may include scheduling and bringing together 
at least two of the following items at a specific time and place: requisite parts, technical 
instructions, supporting equipment, acceptance criteria and procedures, tools, and repair 
personnel. 

FIG. 7 shows step S50 in greater detail than FIG. 6. For example, step S50 of 
FIG. 6 may comprise steps S20 through S26 of FIG. 7. 

In step S20, a desired configuration of an item of equipment is established based 
on an engineering design or objective that meets a reliability, safety, or performance goal 
of the item of equipment. For example, the engineering design may be configured to 
meet a reliability goal based on statistical failure data on parts, assemblies, or the entire 
item of equipment. One or more data sources 10 may provide input information or 
desired configuration data for a particular item of equipment. 
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In one embodiment, the user of the engineering input/output device may wish to 
update the previously desired configuration with a current desired configuration because 
of an engineering change. A user of the engineering input/output device (e.g., a computer 
work station) enters a desired configuration of the mechanical equipment into the 
configuration data storage allocation (e.g., desired configuration database) based on 
compliance with one or more of the following criteria: technical specifications, 
reliability, availability of equipment, safety regulations, regulatory requirements, and 
performance requirements. In one example, the user may enter an update of the desired 
configuration into the engineering input/output device to foster compliance with a new 
technical standard. In another example, the desired configuration may be updated on 
regular basis after an evaluation of reliability feedback on the item of equipment, an 
assembly thereof, or a part thereof. In yet another example, a user of the engineering 
input/output device may establish the desired configuration based upon operational 
performance of a part, an assembly, a component, or an entire mechanical equipment. 

An update to the desired configuration may involve replacing an old part having a 
lesser longevity with a substituted part having a greater longevity. Likewise, an update to 
the desired configuration may involve replacing an old assembly having a lesser longevity 
with a substituted assembly having a greater longevity. 

In step S22, an actual configuration of the item of equipment is evaluated based on 
an inspection or reference to an observed configuration data on a particular item of 
equipment or an up-to-date actual configuration data in the configuration data storage 30. 
In one embodiment, the configuration data storage allocation 30 comprises an actual 
configuration databases. The actual configuration database may be referred to as an as- 
maintained database because the database generally indicates the as-maintained or current 
condition of the item of equipment. An actual configuration database may be considered 
up-to-date if an inspection (of the particular item of equipment) was recently conducted 
within a maximum time interval from the present time. The actual configuration may be 
determined or verified based on disassembly and inspection of at least a portion of the 
particular item of equipment. A user of the maintenance input/output device (e.g., 
computer work station) enters an actual configuration of the item of equipment into the 
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actual configuration database based on a physical inspection, a visual inspection, a test of 
the mechanical equipment, or reference to an up-to-date actual configuration database. 

In step S24, the data processor 30 determines if the actual configuration complies 
with the desired configuration for the item of equipment. For example, the data 
processing system 12 or the configuration monitor 22 determines compliance based upon 
the logical and physical configuration of the item of equipment expressed as 
configuration data with respect a particular time. The data processing system 12 retrieves 
records of configuration data from the configuration data storage 30. For example, the 
data processing system 12 retrieves records of configuration data from the actual 
configuration database and the desired configuration database that are associated with the 
same item of equipment. The configuration data is generally time sensitive. The actual 
configuration and the desired configuration may be associated with time stamps to 
facilitate an evaluation of the latest condition of the item of equipment. The time stamps 
may indicate absolute time or a relative time relationship between the actual configuration 
and the desired configuration data. 

The data processing system 12 may query or search the configuration data storage 
allocation (e.g., actual configuration database and the desired configuration database) by 
equipment identifier, assembly identifier, or part identifier to retrieve records for the same 
mechanical equipment. The records may be organized as files or another suitable data 
structure. Once one or more records for the item of equipment are retrieved, the data 
processing system 12 may compare data records on a record-by-record basis, where the 
compared records of configuration data are associated with substantially the same time 
period. The data processing system 1 2 identifies and flags differences in the physical and 
logical configuration of the mechanical equipment between actual configuration data and 
the desired configuration data associated with the same time period. 

If the data processing system 12 determines that the actual configuration does not 
comply with the desired configuration, the method continues with step S26. However, if 
the data processor 30 determines that the actual configuration does comply with the 
desired configuration, the method ends with step S28. 



-29- 



In step S26, the data processing system 12 or the configuration monitor 22 plans 
upgrade requirements to upgrade the actual configuration to the desired configuration if 
the actual configuration is noncompliant. The data processing system 12 may determine 
the upgrade requirements by comparing the actual configuration to the desired 
configuration with regards to physical, logical, and time characteristics associated with 
the actual configuration and the desired configuration. For example, the data processing 
system 12 may identify a component (e.g., part or subassembly) of the item of equipment 
that is noncompliant (physically, logically or temporally) with the desired configuration. 
The identified noncompliant component may be stored in the planned maintenance data 
storage 32, the configuration data storage allocation on elsewhere along with an 
associated equipment identifier for the particular item equipment. Further, the upgrade 
requirements or configuration maintenance requirement may contain requisite labor 
requirements, modification instructions, supporting tool and equipment information, and 
acceptance criteria to install the identified noncompliant component and achieve the 
desired (i.e., upgraded) configuration. 

The configuration monitor 22 may send the configuration maintenance 
requirement to the resource planner 14 or coordinator 55. The configuration maintenance 
requirement may include identified part number, a requirement date, and other 
informational elements required to achieve the upgrade configuration, or both to the 
materials management system 36. Following step S26, the method may continue with 
step S54 of FIG. 6. 

In step S54 of FIG. 6, planner 14 or coordinator 55 may coordinate or reconcile 
one or more of the following: predictive maintenance requirements, configuration 
maintenance requirements, and general maintenance requirements. The configuration 
maintenance requirement may include scheduling data and planning data for bringing 
together resources, such as the requisite parts, tools, equipment for support of the effort, 
modification instructions for the human resources, acceptance criteria with testing 
equipment and repair personnel at a specific time and place to complete upgrade 
requirements to achieve the desired configuration. 
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FIG. 8 shows one illustrative set of procedures for carrying out step S52 of FIG. 6. 
The method of FIG. 8 begins in step S10. 

In step S10, performance data is tracked on at least one particular component of 
the equipment. For example, the data processing system 12 may collect or gather 
performance data on a component of the equipment, an assembly of components, or the 
equipment as a whole. The data processing system 12 may gather or collect performance 
data from an operational data source 46 or a human resources data source 48. The 
operational data source 46 may represent a monitor or a sensor associated with the 
equipment for measuring a particular component, an assembly, or the performance of the 
equipment as a whole. In the method of FIG. 8, the particular component may be defined 
based on its relationship to other components the mounting position or geographic 
position of the particular component on the equipment and the context of the use of the 
particular component. 

The human resources data source 48 may be associated with workers that enter 
data into a database or a user interface 26 on the performance of a component, an 
assembly, or on the equipment as a whole. The operational data on the equipment that is 
entered via a user interface (e.g., 26) or provided by the human resources data source 48 
may be gathered by inspection of one or more of the following: sensors, monitors or other 
inspection of the equipment. The observed or collected performance data or operational 
data may be provided by the operational data source 46, the human resources data source 
48, or both. 

In step SI 2, the data processing system 12 predicts at least one required 
maintenance activity based upon the collected or observed performance data with respect 
to a defined performance standard. For example, the predictive maintenance controller 20 
of the data processing system 12 predicts at least one required maintenance activity if the 
performance data indicates that a defined performance standard has not been met. The 
defined performance standard may be defined such that noncompliance indicates that 
predictive maintenance is required or that predictive maintenance is necessary at some 
future date or over some future time interval to achieve a certain reliability or availability 
of the equipment for productive use. In one embodiment, the performance standard is 
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defined as a measurable achievement of a required specific task within limits established 
by design calculations or in-service observations. A defined performance standard may 
be based on one or more of the following: a compliance factor, a safety factor, a quality 
factor, an economic factor, and any other suitable factor. The predictive maintenance 
controller may store performance standard data and component data to compare to the 
collected or observed performance data from the data sources 10. 

In step SI 4, the data processing system 12 schedules performance of the required 
maintenance activity based upon the predicting to define a predictive maintenance 
requirement. The predictive maintenance requirement may comprise one or more of the 
following: a predictive maintenance activity, a time frame or date for performing the 
predictive maintenance activity, one or more components, and resources. The scheduler 
60 of the data processing system 12 may schedule performance of the required 
maintenance by considering the component data identifier, the maintenance identifier and 
any associated maintenance date as an input to the scheduler 60. 

The resource availability module 55 may provide availability data to one or more 
of the following inputs to the scheduler 60: worker data, facility data, tool data, and 
component data. In one embodiment, the resource availability module 55 provides the 
availability of a component, a facility, a tool, a worker, an assembly and the equipment to 
perform maintenance at a perspective date and at a perspective location. 

Following step S14, the scheduler 60 may facilitate communication of the 
predictive maintenance requirement to the resource planner 14 or the coordinator 56. The 
method may continue with step S54 of FIG 6. The coordinator 56 may coordinate the 
following: predictive maintenance requirements, configuration maintenance 
requirements, and general maintenance requirements to form a resultant maintenance 
plan. The communication interface 24 may communicate the resultant maintenance plan 
to a management system 28 (e.g., resource allocation data processing system) via a 
communications network. In one example, management system 28 may contact a 
worker, a manager of a facility or another manager of a resource to coordinate the 
availability of resources necessary to meet or comply with the resultant maintenance plan. 
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FIG. 9 and FIG. 10 show illustrative examples of how a data processing system 12 
may be used in conjunction with a communication network 102 to integrate various 
aspects of predictive maintenance in accordance with the invention. 

In FIG. 9, a data processing system 12, the operational data source 46, the human 
resources data source 48, the resource allocation system 104, and the purchasing system 
70, may be co-located at a common site or in close proximity to one another. 

In contrast, the supplier data source 44 may communicate with the data processing 
system 12 over a communication network 102. The supplier data source 44 may be 
located at a supplier site. A supplier site refers to any site that is owned or controlled by 
the supplier of a component, an assembly, a system or the equipment. Similarly, a 
supplier data processing system 106 (e.g., an order fulfillment center) may be located at 
the supplier site. The purchasing system 70 communicates with the supplier data 
processing system 106 over communication network 54. The communication network 
102 may comprise the Internet and intranet, a communication system that supports a 
switched circuit connection, a communication system that supports a virtual connection, a 
data packet network, or another suitable telecommunication interconnection. 

The resource allocation system 104 may facilitate communications with workers 
for performing maintenance. The resource allocation system 104 may also facilitate the 
distribution of components supplied by the supplier internally within a maintenance 
provider (e.g., an MRO organization). For example, the resource allocation processing 
system 1 04 may support the logistics involved with distributing inventory of the 
maintenance organization internally to multiple (maintenance, repair or overhaul) 
facilities located in geographically disparate or widely separated regions. Accordingly, 
resource allocation system 104 may consider a transportation cost, freight cost, custom 
duties, scheduling of shipments, packaging of shipments, and other activities which are 
necessary to insure that timely and accurate provision of material, tools and the 
availability of workers. 

The resource allocation system 104 assures that repairs may be carried out and 
maintenance may be carried out without disruption from the unavailability of a qualified 
worker, a suitable facility, a requisite tool, a requisite component, a requisite consumable 
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or any other information within the time frame of scheduled by the scheduler 60 for 
performance of the predictive maintenance. 

In FIG. 10, the data processing system 12 is coupled to at least one of a resource 
allocation data processing system 104 and a supplier data processing system 106 via a 
communications network 102. Like reference numbers in FIG. 9 and FIG. 10 indicate 
like elements. The communications network 102 may refer to the Internet, an intranet, a 
data packet network, a public switched telephone network, a circuit-switched 
telecommunications network, or some other telecommunications network. 

The supplier data source 44, the operational data source 46 and the human 
resources data source 48 communicate with the data processing system 12 over one or 
more communication network 102. The data processing system 12, the purchasing 
system 70 and the personnel management system may be co-located. The purchasing 
system 70 preferably communicates with the supplier's data processing system 106. 

The data processing system 12 supports electronic communication with the 
supplier data source 44. The electronic communication may facilitate reduced costs in 
maintaining one or more items of equipment through the availability of useful 
information on at least one of maintenance, repair, or overhaul (e.g., MRO) of equipment. 
For example, useful information may include performance data or manufacturing data. 
Performance data or manufacturing data may be made available to the data processing 
system 12 to foster determination of an accurate preliminary schedule or resultant 
schedule for predictive maintenance on the equipment. 

The purchasing system supports communication with the supplier data processing 
system 106, such as a supplier order fulfillment center. Communication between the 
purchasing system 70 and the supplier data processing system 106 may be automated to 
facilitate the acquisition of component, an assembly of components, of system of 
components, or other materials to meet planned maintenance activity or maintenance 
requirements. 

The operator or user of the equipment may reduce the downtime for the equipment 
by predicting potential failures of the equipment or breakdowns of the equipment in 
advance of such breakdowns or failures actually occurring. Maintenance activities are 
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preferably performed in a proactive manner, as opposed to, a reactive manner after a 
defect or deficiency in the equipment has been identified through an inspection. The 
communication network 102 of FIG. 10 supports a distributed entity or maintenance 
provider that manages predictive maintenance of the equipment. A distributed entity or 
maintenance provider may have human resources (e.g., maintenance workers) and 
components of equipment that may be located at different geographic locations. Further, 
the equipment may be mobile or portable with geographic locations that change over time 
during normal use of the equipment (e.g., where the equipment represents a passenger 
airplane). The data processing system 12 (e.g., the resource planner 14) may use the 
preliminary schedule and the resource availability data provided as worker data, facility 
data, tool data, and component data to generate a resultant schedule or planned 
maintenance plan for performing predictive maintenance on the equipment. The resultant 
maintenance plan may comprise a scheme that includes one or more of the following 
elements: a predictive maintenance requirement, a configuration maintenance 
requirement, and a general maintenance requirement. The communication interface 24 
provides an interface for allowing the data processing system 12 to communicate the 
resultant maintenance plan over a communication network 102 to a supplier data 
processing system 106, a resource allocation data processing system 104, or the like. 

The supplier data processing system 106 may comprise an enterprise resource 
planning system or supplier fulfillment center, for example. The supplier data processing 
system 106 may support the maintenance entity's ordering of components, materials (e.g., 
consumable materials), tools (e.g., test equipment or diagnostic equipment) and other 
resources necessary to complete predictive maintenance of the equipment. 

Referring to FIG. 10, the resource allocation system 104 may communicate with a 
wireless or landline communications infrastructure 108 via a communication network 
102. The wireless or landline communication infrastructure 108 may be associated with 
the first worker terminal 1 10 through an nth worker terminal 112. The worker terminals 
(110, 112) represent electronic terminals of the workers who are responsible for 
maintaining the equipment. For example, each worker terminal (110, 112) may represent 
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a mobile phone, a mobile terminal with a display, a pager, a personnel digital assistant, or 
another communications device. 

In one embodiment, the worker terminals (110, 112) and the wireless 
communications infrastructure (108) supports a two-way messaging interface. 
Accordingly, the workers can interact with the resource allocation system to provide real 
time availability information and to check on future assignments of planned maintenance. 

The foregoing description of the method and system describes several illustrative 
examples of the invention. Modifications, alternative arrangements, and variations of 
these illustrative examples are possible and may fall within the scope of the invention. 
Accordingly, the following claims should be accorded the reasonably broadest 
interpretation, which is consistent with the specification disclosed herein and not unduly 
limited by aspects of the preferred embodiments disclosed herein. 



